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SAFETY HELMET AND LINER THEREFOR 

This invention relates to a safety helmet and liner therefor. 

5 It is known to make a safety helmet suitable for cycling and other sports by 

moulding an outer plastic shell and providing an inner liner of expanded polystyrene, 
polyurethane, polyethylene or other shock absorbing material. Normally the liner is 
of generally uniform thickness and fits snugly inside the shell. It is also known to 
provide holes in the shell which communicate with correspondingly located openings 
10 in the liner. Hie aligned holes permit flow of air into the liner for ventilation so as 
to make the wearing of the helmet more comfortable. 

Hie present invention provides a novel form of liner which has a number of 
advantages. 

15 

According to the present invention there is provided a liner for a safety helmet, 
said liner having an outer surface formed with projections which, in use, engage the 
inner surface of a shell of the helmet. 

20 The projections effectively reduce the surface area of the lining which is in 

contact with the inner surface of the shell. Upon impact, the projections will be 
subjected to greater stress would be the case if the liner had a uniform outer surface. 
This results in localised deformation of the projections at relatively lower stresses. 
This has the advantage that when the helmet is subjected to a low or moderate impact, 

25 the liner offers a relatively low resistance thereby reducing magnitude of forces 
transmitted to the head of the user and thus reduces the possibility of an injury. When 
there is a larger impact, there will initially be the cushioning effect of the projections 
but once they have deformed, the main body of the liner will come into play and 
provide substantial resistance and so protect the user under these conditions as well. 

30 
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Preferably, the projections increase in width (as seen in cross-section) away 
from their free ends. This enhances the effect of progressive resistance to applied 
stresses* 

5 Preferably further, the profile of the projections is curved (as seen in cross- 

section). It is farther preferred that at least part of the profile comprises a hyperbolic 
curve. 

Preferably further, the projections comprise ribs. Preferably farther, there are 
10 generally longitudinally attending ribs and at least one transversely extending rib. 

Preferably further, openings are provided in the liner between the interstices 
of the ribs. 

15 The invention also provides a safety helmet comprising an outer protective 

shell and a liner as defined above located within the shell. 

Preferably, the shell has openings therein which permit a flow of air into the 
spaces between adjacent projections of the liner. It is also preferred that at least some 
20 of the openings in the shell correspond generally in position with openings in the liner 
in order to permit flow of air to the interior of the liner. 

Preferably the shell is injection moulded from PBT polyester and has a 
thickness in the range 2mm to 3mm. 

25 

He invention also provides a liner for a safety helmet, said liner comprising: 
a body having a concave recess in which, in use, the head of the wearer is 
located, and 

an outer surface which is non-uniform and has a plurality of outer regions 
30 which lie on an imaginary surface which is generally uniformly spaced from the 
concave recess. 
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The invention also provides a liner for a safety helmet said liner comprising: 
a body having a crown portion, rim portion and concave recess in which, in 
use, the head of the wearer is located, 

the (Town portion having an outer surface which is contoured and which has 
5 a plurality of outer regions which lie on an imaginary surface which corresponds in 
shape to the adjacent parts of the concave recess and a plurality of inner surface 
portions which lie between the concave recess and said imaginary surface, the ratio 
of the sum of the surface areas of said outer regions relative to sum of the surface 
areas of said inner surface portions being substantially less than unity. 

10 

The invention also provides a safety helmet comprising a liner and an outer 
shell, the liner including at least one groove extending from near the front of the liner 
to the rear, said at least one groove and the inner surface of the shell forming at least 
one air passage, said outer shell including at least one opening near the front thereof 

IS and at least one opening near the rear thereof, said openings communicating with said 
at least one air passage, whereby in use a stream or streams of air enter and flow 
along said at least one air passage, said line further including openings which 
communicate the interior of the liner with said at least one air passage whereby in use 
air from within the liner is drawn through said openings into said stream or streams 

20 of air to thereby ventilate the interior of the liner. 

It is also possible to utilise the principles of the invention to make a so-called 
microshell helmet. Helmets of this construction can use the liner defined above with 
an outer protective shell which overlies the liner. Hie outer protective layer shell can 

25 be moulded or formed from relatively thin plastics material such as polypropylene, 
PBT or ABS of a thickness in the range 0.5 to 1.0mm. The protective layer can be 
moulded by using vacuum moulding techniques. It is also possible to use a fabric 
cover instead of the moulded protective shell. Means is provided for connecting the 
straps of the helmet to the shell. One convenient arrangement is to provide slots in 

30 the shell through which the strap can be threaded to enable the strap to pass from one 
side of the shell to the other and so form the interconnection with the shell. 
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Accordingly the invention provides a microshell safety helmet said helmet 
comprising a body having a concave recess in which, in use, the head of the wearer 
is located, an outer surface of the body being non-uniform and having a plurality of 
5 outer regions which lie on an imaginary surface which is generally uniformly spaced 
from the concave recess, a relatively thin outer shell which overlies the outer surface 
and straps which are coupled to the body. 

The invention also provides a microshell helmet, said helmet comprising a 
10 body having a crown portion, rim portion and concave recess in which, in use, the 
head of the wearer is located, the crown portion having an outer surface which is 
contoured and which has a plurality of outer regions which lie on an imaginary 
surface which corresponds in shape to the adjacent parts of the concave recess and a 
plurality of inner surface portions which lie between the concave recess and said 
15 imaginary surface, the ratio of the sum of the surface areas of said outer regions 
relative to the sum of the surface areas of said inner portions being substantially less 
than the unity, and a relatively thin outer shell covering at least the crown portion and 
strap means coupled to the body. 

20 Hie invention will now be further described with reference to the 

accompanying drawings, in which: 

FIGURE 1 is a side view of a safety helmet constructed in accordance with the 
invention; 

25 FIGURE 2 is a schematic plan view of a liner for the helmet; 

FIGURE 3 is a schematic cross-sectional view taken along the line 3-3 of 
Figure 2 and showing the shell; 

FIGURE 4 is a schematic section along the line 4-4; 

FIGURE 5 is a schematic section along the line 5-5; 
30 FIGURE 6 is a sectional view through a preferred profile of rib; 

FIGURE 7 is a sectional view through another rib profile with the adjacent 
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sheU; 

FIGURES 8 and 9 ^grammatically illustrate effective changes in the stress- 
strain relationship in liners of the invention; 

FIGURE 10 shows a shell-less helmet utilising the liner of Figures 2 to 5; 
5 FIGURE 11 is a perspective view of a shell-less helmet constructed in 

accordance with the invention; 

FIGURE 12 is a perspective view of the outer protective layer of the helmet 
of Figure 11; 

FIGURE 13 is a perspective view of the main supporting body of the helmet 
10 of Figure 11; 

FIGURE 14 is a schematic cross-sectional view of the shell-less helmet of 
Figure 12; and 

FIGURE 15 illustrates air flows in the helmet of Figure 12. 

15 Figure 1 illustrates a safety helmet 2 constructed in accordance with the 

invention. It comprises an outer shell 4 which is preferably moulded or formed from 
plastic material such as PBT polyester. Hie bottom rim 6 of the shell is formed with 
a bead and is shaped to sweep downwardly from the front 8 of the helmet to a temple 
protecting region 10 and then upwardly to define an ear cut out 12 and then continues 

20 to the rear 14 of the helmet. Located within the shell is a liner 16 of the invention. 
Hie liner 16 is folly located within the shell and is thus not visible in Figure 1. Hie 
helmet includes a pair of forward straps 18 one end of each of which is riveted to 
respective sides of the helmet Hie helmet includes rear straps 20 one end of each of 
which is riveted near the rear of the helmet Hie straps 18 and 20 co-operate with 

25 buckles 22 and a fastening member (not shown) for firmly holding the helmet on the 
wearer's head. 

Figure 2 shows a top view of the preferred form of liner 16 of the invention. 
It is preferably moulded from expanded plastics material such as polystyrene material 
30 having a density in the range of 40 to 100 grams per litre and preferably 75 grams per 
litre. Hie liner has a lower rim portion 24 which extends folly about the lower part 
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of the liner and a crown portion 25. The rim portion 24 is of approximately uniform 
thickness and its lower edge 26 is shaped so as to be similar in shape to the rim 6 of 
the shell, as best seen in Figure 3. The rim 6 of the shell extends lower than the edge 
26 of the liner so that the liner is not normally visible from the sides of the helmet. 

5 

Normally a liner is a hemi-ovoid shell having a cavity 25, the wall thickness 
of the shell is generally uniform in thickness, say about 20mm, although there may 
be some holes for ventilating the interior of the liner. In the liner of the invention, 
the outer surface of the crown 25 is substantially non-uniform. In the illustrated 

10 arrangement, the crown 25 is provided with a central longitudinally extending rib 28 
and intermediate longitudinally extending rite 30 and 32. The ribs 28, 30 and 32 
extend from the front 40 of the liner to the rear 42 of the liner. The crown includes 
a transverse rib 44 which extends transversely across the liner and is located 
somewhat towards the rear of the crown. The outer surfaces 50 of the ribs are 

15 arranged to contact or lie closely adjacent to the inner surface of the shell 4 of the 
helmet. Hie liner 16 may be retained in the helmet by the resilient action of the shell 
4 which holds it captive therein and/or by adbesives. 

It will be appreciated that the liner of the invention can be alternatively 
20 regarded as a hemi-ovoid shell with a non-uniform or contoured outer surface, the 
outer surfaces having recesses or depressions between which are defined the tapering 
parts referred to as the ribs above. 

The outer surfaces 50 of the ribs 28, 30 and 32 taper from the centre of the 
25 crown towards both the forward and rear parts of the helmet 40 and 42. This is . 
illustrated in Figures 4 and 5 which show the change in profile of the rib 28 from the 
forward part of the rib 40 up towards the transverse rib 44. On the other hand, the 
rib 44 tends to widen from the crown towards the rim 24. 

30 Hie provision of the ribs substantially influences the behaviour of the liner 

when subjected to mechanical loads. This is illustrated diagrammatically in Figures 
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8 and 9. Considering first Figure 8, there is shown a cubic or cuboidal block 46 of 
expanded polystyrene similar to that normally used in conventional liners which take 
the form of a shell of more or less uniform thickness. When a load is applied to the 
block 46 the block will deform in a non-linear manner as is apparent from the graph 
5 which shows the stress-strain relationship for blocks of densities of 20, 40, 60 and 80 
grams per litre. It is firstly noted that the response is significantly affected by the 
density of the material. It will also be noted that the non-linear behaviour is quite 
pronounced at lower strains and in particular the responses have higher gradients at 
this point. Hie practical effect of this is that for low or moderate impacts applied to 
10 the helmet, relatively low strain occurs in the liner and consequently quite significant 
forces are transmitted to the head of the user. It would be preferable for the material 
to exhibit a lower gradient at this region so that the liner could provide more 
cushioning when the helmet is subjected to low or moderate impacts. 

IS Figure 9 illustrates the corresponding responses of a block 46 which has a 

curved profile. It will be appreciated that at the apex of the block 46, strain will 
occur at lower levels of load but as the strain increases, the resistance of the block 
also increases. This is reflected in the stress-strain curve. First it will be noticed 
from the graph that the response curves are less dependent upon the densities of the 

20 materials. It will be further noted that the response curves are more linear 
particularly at lower levels of strain. Thus the curved block 46 is able to provide 
better cushioning for low or moderate impacts yet still provides protection when 
higher stresses are applied. This therefore enables the possibility of utilising foamed 
materials over a greater range of densities. Lightweight liners could be made by using 

25 higher density material. More importantly, higher density materials can be used 
because the overall volume of material is lower compared with convention liners of 
generally uniform thickness. Hie use of higher density material enables the liner to 
withstand higher impacts without adversely affecting its performance at low or 
moderate impacts. 

30 

A preferred profile of the ribs is illustrated in Figure 6. In this arrangement, 
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the outer surface 50 of the rib has flats which would engage or lie adjacent to the 
inner surface of the shell. From the outer surface 50 to hyperbolic surfaces 52 and 
54 which extend for approximately half the thickness of the liner, the remaining 
surface parts being flat inclined regions 58 and 60. In this profile, the outer parts 
5 defined by the hyperbolic surfaces provide the programed shock absorption which is 
restricted to about 50% of the available thickness of the liner. The flat regions 58 and 
60 of the rib profile provides the additional strength required to withstand higher 
stresses. 

10 It is preferred that the total area of the outer surfaces of the ribs, that is to say 

those parts of the ribs which contact the inner side of the shell 4, such as the top 
surfaces 50 comprise a relatively small percentage of the overall area of the outer 
surface of the shell. Because the crown 25 is substantially non-uniform this can more 
easily be expressed in relation to the surface area of the concave inner surface 56 of 

15 the liner. It is preferred that the ratio of the total area of the surfaces 50 to the 
surface area of the concave inner surface of the liner is in the range from say .05 to 
35 and preferably .2. This requirement can also be expressed in relation to the ratio 
of the sum of the surface areas of the surfaces 50 and the sum of the remaining outer 
surface portions of the liner which lie between the surfaces 50 and the concave surface 

20 56. Again this ratio is in the range from .05 to 35 and preferably 2. Theimporatan 
consideration of course is that at least in the crown 25 there is a relatively small 
surface area which engages the inner surface of the shell 4. 

Figure 7 shows another preferred rib profile, m this arrangement, the rib 61 
25 has flat inclined surfaces 63 and 65 and a central relatively deep groove 67 the cross- 
sectional profile of which is preferably a hyperbolic curve. The arrangement of Figure 
7 provides an enhanced degree of programed deformation under impact loads. Figure 
7 also illustrates the profile of the shell 4. It will be seen that it follows the outer 
profile of the liner except that it spans the groove 67. In a modified arrangement, it 
30 would be possible to arrange for a relatively small gap (not shown) to be left between 
the trough portions 67 of the shell and the base level 69 of the liner. This 
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arrangement would of course give very good cushioning at relatively low impact 
because the outer parts of the rib would crush under relatively low loads before the 
trough portion 67 come into engagement with the base level surface parts 69. 

5 It will be appreciated from the above that the profile of the ribs of the liner of 

the invention gives a stress-strain response which is like the response of Figure 9 
rather than the non-linear response of Figure 8. Thus a helmet of the invention 
provides better cushioning at low or moderate impacts and provide for a gradual shock 
absorbtion. 

10 

Hie profile of the ribs of the liner of the invention also enables the use of 
more dense expanded plastics materials such as polystyrene which extends the 
protective range of the helmet, it being appreciated that initial crushing of the outer 
parts of the ribs will occur at relatively low stresses. 

15 

Referring again to Figure 2, it will be seen that the liner includes a number of 
openings between the ribs. In particular, the forward part of the helmet includes outer 
openings 62 and 64 between the ring 24 and the ribs 30 and 32. Hie forward part 
also has three openings 66, 68 and 70 between the ribs 28 and 30, there being 

20 symmetrically disposed openings 72, 74 and 76 between the ribs 28 and 32. The rear 
part of the liner has a similar arrangement with openings 78 and 80 disposed 
respectively between the ring 24 and the ribs 30 and 32. Hie rear part also includes 
three openings 82, 84 and 86 between the ribs 28 and 30 and symmetrically disposed 
openings 88, 90 and 92 between the ribs 28 and 32. Hie openings in the forward part 

25 of the liner are designed to permit air to pass into the interior of the liner for 
ventilation and at least some of the openings in the rear part of the liner are used for 
escape of air. 

Hie preferred shape of the outer shell 4 is illustrated in Figures 1 and 3. It 
30 will be seen that the shell includes a lower rim portion 96 which extends about the 
lower rim of the shell. Hie shell is moulded with three longitudinally extending 
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flattopped ribs 98, 100 and 102 which overlie the ribs 28, 30 and 32 respectively. The 
shell also includes a transverse rib 104 which overlies the transveis rib 44 of the liner. 
The shell includes intermediate surface portions indicated generally by the reference 
numeral 106 which extend between the ribs 98, 100 and 102 and between the ribs 100, 

5 102 and the lower rim 96. Generally speaking, the intermediate portions 106 are 
located at lower levels than the adjacent parts of the shell. This provides an attractive 
appearance for the shell but more importantly enables provision of ventilating holes 
108 in the shell at relatively depressed levels compared to the outer surface regions 
of the shell. The openings permit air to pass into the spaces between adjacent ribs and 

10 thus provide ventilation of this between the liner and the shell- Also some of the air 
will pass through the openings in the liner itself and thus permit ventilating air to 
enter the interior of the liner. 

Figure 10 schematically illustrates a cross-section through a shell-less helmet 
15 120 constructed in accordance with the invention- The helmet comprises a liner 16 

which is of similar construction to that of the liner described previously and need not 

therefore be farther described (the same reference numerals are used where relevant). 

The helmet includes a front strap 124 which is coupled to the liner by threading it 

through the opening 62 across the ribs 30, 28 and 32 and then down through the 
20 opening 64. Hie strap may include a fastening buckle (not shown). A rear strap may 

be affixed in a similar way by threading it through the openings 78 and 80. 

Alternatively, separate openings may be provided in the shell in order to accommodate 

the straps. 

25 The helmet 120 is completed by using a fabric outer covering (not shown) in 

Figure 10 for the liner 16. The function of the covering is mainly for appearance. 
It can comprise a fabric with an elasticised opening which is fitted over the liner 16. 

Figures 11 to 14 illustrate a modified form of helmet 140 which is known as 
30 a microshell helmet. It has a liner 142 which is similar in many respects to the liner 
16 and accordingly the same reference numerals are shown in these drawings to 
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denote corresponding parts. It does, however, have a very thin outer protective shell 
144 which overlies the crown 25 and upper part of the rim 24 of the liner. As best 
seen in Figure 13, the liner 142 has lower parts 146 of the rim which are somewhat 
deeper at the forward and rear parts of the liner compared to that illustrated in Figures 
5 2 and 3. The crown 25 includes the longitudinal ribs 28, 30 and 32 as well as the 
transverse rib 44. Hie ribs 28, 30 and 32 are formed with grooves 67 like in the 
arrangement illustrated in cross-section in Figure 7. In the front part of the crown, 
the openings 66 and 68 are merged into a single opening 152 and the openings 72 and 
74 are merged into a single opening 150. At the rear part of the crown, the openings 

10 90 and 92 are merged into a single opening 154 and the openings 66 and 68 are 
replaced by a single opening 156. The transverse rib 44 includes recessed portions 
158 and 160 on either side of the central longitudinal rib 28. The front and rear parts 
of the crown include pairs of openings 162 through which a strap 124 can be threaded 
Hie grooves 67 include a number of openings 164 which extend through to the inner 

15 surface 56 of the liner, as shown in Figure 14. These openings increase ventilation 
of the interior of the helmet as will be further described hereinafter. The shell 144 
is illustrated in Figure 12. It has a shape which is generally complementary to the 
liner 146. It is preferably moulded from thin plastics material such as polypropylene, 
PBT or ABS having a thickness in the range from OS to 1.0mm. It has eight 

20 openings which correspond in position to the openings 62, 64, 78, 80, 150, 152, 154 
and 156 of the Una. ft has longitudinally extending ribs 166, 168 and 170 which 
overlie the longitudinal ribs 28, 30 and 32 of the liner. The ribs 166, 168 and 170 do 
not follow the grooves 67 and therefore create longitudinally extending passages which 
run from the front to rear of the crown. 

25 

Hie shell 144 includes openings 172 in the ribs 166, 168 and 170 near the rear 
thereof and openings 173 near the front thereof. Similar openings are also formed in 
the ribs at the front of the cover. In use of the helmet a stream of air can enter the 
openings 173 at the front of the cover and travel into the longitudinal passages formed 
30 by the grooves 67 as indicated by arrows 175 in Figure 15 and exit via the openings 
173 at the rear of the helmet. Secondary air streams 177 from the interior of the 
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helmet are drawn by venturi effect through the holes 164 to join the stream 175. 
This provides additional ventilation for the helmet in addition to that provided by the 
other openings of the helmet which have been described previously. 

5 Many modifications will be apparent to those skilled in the art without 

departing from the spirit and scope of the invention. 



SUBSTITUTE SHEET 



WO 91/05489 



PCT/AU90/00494 



-13- 



CLAIMS: 



10 



15 



20 



25 



r 



1. A liner (16) for a safety helmet (2), said liner having an outer surface formed 
with projections (28,3032) which, in use, engage the inner surface of a shell (4) of 
the helmet. 

2. A liner as claimed in claim 1 wherein the liner (16) has the general shape of 
a hemi-ovoid shell having recesses (62,64,66,68,74,78,80,84,86,90,92) therein to 
define said projections therebetween. 

3. A liner as claimed in claim 2 wherein the projections include longitudinally 
extending ribs (28,3032). 

4. A liner as claimed in claim 3 wherein the ribs decrease in width in directions 
away from the interior of the liner. 

5. A liner as claimed in claim 3 or 4 wherein the ribs include grooves (67) on 
their outer surfaces. 

6. A liner as claimed in claim 5 wherein the grooves (67) are defined in cross- 
section by a hyperbolic curve. 

7. A liner as claimed in claim 3, 4, 5 or 6 wherein the ribs have sidewalls which 
are defined by curved surfaces in cross-section. 

8. A liner as claimed in claim 3 wherein the rib is shaped so that it enhibits a 
generally linear stress-strain relationship when subjected to compression. 

9. A liner as claimed in any preceding claim, said liner being integrally moulded 
from expanded polystyrene material having a density in the range 48 to 100 grams per 



litre. 
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10. A liner as claimed in claim 9 wherein the density is 75 grams per litre. 

11. A liner as claimed in any preceding claim wherein the area of the outer 
surfaces of the projections which, in use, contact the inner surface of the shell (4) 

5 comprise about 20% of the total inner surface area of the liner. 

12. A safety helmet (2) comprising an outer protective shell (4) having a liner (16) 
as defined in any preceding claim mounted therein. 

10 13. A shell-iess helmet (120,140) comprising a liner (16,142) as claimed in any 
preceding claim and strap means (124) for mounting the helmet on the head of a 
wearer. 

14. A liner (16) for a safety helmet, said liner comprising: 

15 a body having a concave recess (56) in which, in use, the head of the wearer 

is located, and 

an outer surface which is non-unifoim and has a plurality of outer regk>ns(50) 
which lie on an imaginary surface which is generally uniformly spaced from the 
concave recess and has a plurality of other regions (52^4,63,65,67) which lie between 
20 said surface and said recess, said other regions including inclined or curved parts 
which diverge away from said outer regions (50) towards said recess (56). 

15. A liner as claimed in claim 14 wherein said body has the shape of a hemi- 
ovoid shell* 

25 

16. A liner as claimed in claim 14 or 15 wherein the total surface area of said 
outer regions (50) is about 20% of the surface area of the recess (56). 

17. A liner (16) for a safety helmet (2) said liner comprising: 

30 a body having a crown portion, rim portion and concave recess in which, in 

use, the head of the wearer is located, 
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the crown portion having an outer surface which is contoured and which has 
a plurality of outer regions which lie on an imaginary surface which corresponds in 
shape to the adjacent parts of the concave recess and a plurality of inner surface 
portions which lie between the concave recess and said imaginary surface, the ratio 
5 of the sum of the surface areas of said outer regions relative to sum of the surface 
areas of said inner surface portions being substantially less than unity. 

18. A safety helmet (140) comprising a liner (142) and an outer covering (144), 
the liner including at least one groove (67) extending from near the front of the liner 

10 to the rear, said at least one groove and the inner surface of the covering forming at 
least one air passage, said outer covering (144) including at least one opening (172) 
near the front thereof and at least one opening (172) near the rear thereof, said 
openings communicating with said at least one air passage, whereby in use a stream 
or streams of air (175) enter and flow along said at least one air passage, said liner 

15 further including openings (177) which communicate the interior of the liner with said 
at least one air passage whereby in use air from within the liner is drawn through said 
openings (177) into said stream or streams of air (175) to thereby ventilate the interior 
(56) of the liner. 

20 19. A helmet as claimed in claim 18 wherein the covering (144) comprises a 
moulded shell. 

20. A helmet as claimed in claim 19 wherein the wall thickness of the shell is in 
the range 05mm to 1.0mm. 

25 

21. A microsheil safety helmet (120) said helmet comprising a body (16) having 
a concave recess (56) in which, in use, the head of the wearer is located, an outer 
surface of the body being non-uniform and having a plurality of outer regions (50) 
which lie on an imaginary surface which is generally uniformly spaced from the 

30 concave recess (56), a relatively thin outer shell (144) which overlies the outer surface 
and straps (124) which are coupled to the body. 
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22. A microshell helmet, said helmet comprising a body having a crown portion 
(25), rim portion (124) and concave recess (56) in which, in use, the head of the 
wearer is located, the crown portion (25) having an outer surface which is contoured 
and which has a plurality of outer regions (50) which lie on an imaginary surface 

5 which corresponds in shape to the adjacent parts of the concave recess (56) and a 
plurality of inner surface portions (52^4,58,60,63,65,67) which lie between the 
concave recess and said imaginary surface, the ratio of the sum of the surface areas 
of said outer regions relative to the sum of the surface areas of said inner portions 
being substantially less than the unity, and a relatively thin outer shell (144) covering 

10 at least the crown portion and strap means (124) coupled to the body. 
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